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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve energy efficiency of a 
fuel cell system by reducing the undesired loss of fuel gas by 
purging in the fuel cell system. 

SOLUTION: Volume flow rate is calculated based on a 
propagating time of ultrasonic wave in mixed gas measured by 
an ultrasonic flowmeter, and an average density of the mixed 
gas is determined. Hydrogen gas concentration and impurity gas 
concentration are calculated based on the average density, the 
mass flow rate of hydrogen gas is calculated based on the 
hydrogen gas concentration and the volume flow rate, and an 
existing amount of the impurity gas is calculated based on the 
impurity gas concentration, pressure, and temperature. Here, 
when the mass flow rate of hydrogen is at a threshold or lower 
and the existing amount of the impurity gas is at a threshold or 
higher, the purge is performed. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The gas purge valve which is the fuel cell system equipped with the hydrogen reflux path of 
making the hydrogen which was not used for the generation of electrical energy in the fuel cell flowing back 
to the path which supplies hydrogen to said fuel cell, and is prepared in said hydrogen reflux path, The fuel 
cell system characterized by being constituted including a hydrogen mass flow rate presumption means to 
presume the hydrogen mass flow rate within the hydrogen circulatory system including said hydrogen reflux 
path, and the purge control means which opens said gas purge valve when said hydrogen mass flow rate 
becomes below a threshold. 

[Claim 2] The fuel cell system according to claim 1 which it has an impurity gas abundance presumption 

means to presume the impurity gas abundance in the mixed gas within said hydrogen circulatory system, 

and said purge control means is [ said hydrogen mass flow rate ] below a threshold, and is characterized by 

opening said gas purge valve when said impurity gas abundance becomes beyond a threshold. 

[Claim 3] The fuel cell system according to claim 1 or 2 characterized by establishing a threshold setting 

means to set up the threshold of said hydrogen mass flow rate according to the service condition of said fuel 

cell. 

[Claim 4] The fuel cell system according to claim 3 by which said threshold setting means is characterized 
by setting up the threshold of said hydrogen mass flow rate according to the generation-of-electrical-energy 
current as said service condition. 

[Claim 5] While searching for the acoustic velocity in the mixed gas within said hydrogen circulatory 
system, said hydrogen mass flow rate presumption means and/or an impurity gas abundance presumption 
means Ask for the mean density of said mixed gas based on this acoustic velocity, and it is constituted 
including a concentration presumption means to presume the hydrogen concentration and/or impurity gas 
concentration in said mixed gas based on this mean density. The fuel cell system of any one publication of 
claim 1 -4 characterized by presuming a hydrogen mass flow rate and/or impurity gas abundance based on 
the concentration called for by this concentration presumption means. 

[Claim 6] The fuel cell system according to claim 5 characterized by constituting said hydrogen mass flow 
rate presumption means including a volumetric flow rate detection means to detect the volumetric flow rate 
of said mixed gas based on the propagation time of the supersonic wave in the mixed gas within said 
hydrogen circulatory system , and for said concentration presumption means searching for acoustic velocity 
based on the measurement result of the propagation time by said volumetric flow rate detection means , and 
presuming said hydrogen concentration and/or impurity gas concentration . 

[Claim 7] A volumetric flow rate detection means to detect the volumetric flow rate of said mixed gas based 
on the propagation time of the supersonic wave in the mixed gas within said hydrogen circulatory system, 
While searching for the acoustic velocity in said mixed gas based on a pressure detection means to detect the 
pressure of said mixed gas, a temperature detection means to detect the temperature of said mixed gas, and 
the propagation time of said supersonic wave A concentration presumption means to ask for the mean 
density of said mixed gas based on this acoustic velocity, and to presume the hydrogen gas concentration 
and impurity gas concentration in said mixed gas based on this mean density, A preparation and said 
hydrogen mass flow rate presumption means presume a hydrogen mass flow rate based on said volumetric 
flow rate, a pressure, temperature, and hydrogen gas concentration. The fuel cell system according to claim 
2 by which said impurity gas abundance presumption means is characterized by presuming said impurity gas 
abundance based on said pressure, temperature, and impurity gas concentration. 

[Claim 8] The fuel cell system of any one publication of claim 5-7 by which a dehumidification means is 
infixed in said hydrogen reflux path, and said concentration presumption means is characterized by 
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presuming hydrogen concentration and/or impurity gas concentration based on the propagation time of the 
supersonic wave in the downstream of said dehumidification means. 

[Claim 9] The fuel cell system of any one publication of claim 5-7 by which a humidity detection means to 
detect the humidity of said mixed gas is established near the measurement part of the propagation time of 
said supersonic wave, and said concentration presumption means is characterized by presuming said 
hydrogen gas concentration and/or impurity gas concentration based on the steam concentration called for 
based on said humidity, and said mean density. 

[Claim 10] The fuel cell system of any one publication of claim 5-7 characterized by to establish a 
temperature detection means detect the temperature of a pressure detection means to detect the pressure of 
said mixed gas , and mixed gas , near the measurement part of the propagation time of said supersonic 
wave , and for said concentration presumption means to ask for the steam concentration in a saturated steam 
condition from said pressure and temperature , and to presume said hydrogen gas concentration and/or 
impurity gas concentration based on this steam concentration and said mean density . 
[Claim 1 1] The fuel cell system of any one publication of claim 5-7 which said concentration presumption 
means considers as the constant value which was able to define the steam concentration of said mixed gas 
beforehand, and is characterized by presuming said hydrogen gas concentration and/or impurity gas 
concentration based on this steam concentration and said mean density. 

[Claim 12] The control approach of the fiiel cell system characterized by to make mixed gas purge from said 
hydrogen reflux path when the hydrogen mass flow rate within the hydrogen circulatory system including 
said hydrogen reflux path presumes in the fuel cell system equipped with the hydrogen reflux path made to 
flow back to the path which supplies hydrogen for the hydrogen which was not used for the generation of 
electrical energy in the fuel cell to said fuel cell and said hydrogen mass flow rate becomes below a 
threshold. 

[Claim 13] In the fuel cell system equipped with the hydrogen reflux path of making the hydrogen which 
was not used for the generation of electrical energy in the fuel cell flowing back to the path which supplies 
hydrogen to said fuel cell The hydrogen mass flow rate within the hydrogen circulatory system including 
said hydrogen reflux path is presumed, and the impurity gas abundance in the mixed gas within said 
hydrogen circulatory system is presumed. Said hydrogen mass flow rate below with a threshold And the 
control approach of the fuel cell system characterized by making mixed gas purge from said hydrogen reflux 
path when said impurity gas abundance becomes beyond a threshold. 

[Claim 14] The control approach of the fuel cell system according to claim 12 or 13 characterized by setting 
up the threshold of said hydrogen mass flow rate according to the generation-of-electrical-energy current of 
said fuel cell. 

[Claim 15] The control approach of the fuel cell system any one publication of claim 12-14 characterize by 
search for the acoustic velocity in said mixed gas , ask for the mean density of said mixed gas based on this 
acoustic velocity based on the propagation time of the supersonic wave in the mixed gas within said 
hydrogen circulatory system , presume the hydrogen concentration and/or impurity gas concentration in said 
mixed gas based on this mean density , and presume a hydrogen mass flow rate and/or impurity gas 
abundance based on said concentration . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique which controls the purge from a reflux 
system in the fuel cell system of the type which circulate through fuel gas, and a fuel cell is made to flow 
back in detail about a fuel cell system and the control approach, and is reused. 
[0002] 

[Description of the Prior Art] Flowing back the hydrogen which was not consumed with a fuel cell to a fuel 
cell in a fuel cell system, and aiming at reuse from the former, is performed (refer to JP,1 0-0558 14,A and 
JP,2000-58092,A). Moreover, in the case of the system which fuel gas is made to flow back as mentioned 
above, and is reused, it is known that impurity gas (for example, nitrogen gas unnecessary for a generation- 
of-electrical-energy operation of a fuel cell) will accumulate and increase gradually into a circulation line as 
it continues circulating through fuel gas. 

[0003] Continuing circulating such unnecessary gas will cause the loss of power of a fuel cell because the 
rate of impurity gas of it not only using circulation power vainly, but occupying it in the fuel supplied to a 
fuel cell increases. Then, it has the purge valve which makes the fuel gas which contains impurity gas from 
the circulation line of fuel gas purge, and when the impurity gas concentration in a circulation line exceeds 
constant value, said purge valve is made to open wide with the configuration indicated by said JP,2000- 
058092,A. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in the fuel cell system which fuel gas is made to 
flow back and is reused, if the hydrogen supply flow rate from a fuel gas source of supply is set to Q 
(L/min), to this Q (L/min), flow rate alphaQ (L/min) of a certain ratio alpha will be absorbed, and will flow 
back with an ejector, and Q(L/min) which is a sum total flow rate (1+alpha) will flow into a fuel cell. 
[0005] And it has a relation that alphaQ (L/min) which remained without consuming and consuming the 
hydrogen of Q (L/min) with a fuel cell is discharged from a fuel cell as unused gas, and circulates. That is, 
the hydrogen flow Q (L/min) which flows from a fuel gas source of supply is consumed with a fuel cell, and 
amount alphaQ (L/min) depending on this flow Q (L/min) circulates. 

[0006] It is required from the amount of [ for the hydrogen mass flow rate which flows into a fuel cell so 
that it may be indicated by JP,2000-012059,A being related to the generating efficiency of a fuel cell, and 
making the amount more than the hydrogen mass flow rate consumed with a fuel cell flow into a fuel cell 
being searched for, and on the other hand, corresponding to rapid load increase of a fuel cell ] allowances 
being need that the hydrogen mass flow rate through which it circulates should be more than predetermined. 
[0007] Since there is no effect in a generation of electrical energy of a fuel cell, with [ the hydrogen mass 
flow rate (a part for allowances) through which it will circulate if it puts in another way ] predetermined 
[ more than ], the purge from a circulation line, but With the configuration which controls a purge based on 
impurity gas concentration, like before Since it was not able to respond to the hydrogen mass flow rate in a 
circulation line changing with the consumption in a fuel cell with the same impurity gas concentration but, 
there was a problem of the ability not to make it purge to suitable timing. 

[0008] Moreover, with the configuration which controls a purge based on impurity gas concentration like 
before, it is influenced by change of transitional impurity gas concentration, a purge is performed, and loss 
of unnecessary fuel gas may have been increased. For example, if there is increase change of the load of a 
fuel cell, since the hydrogen mass of a circulation line will fall temporarily and impurity gas concentration 
will increase relatively by it in the condition with the impurity gas of a circulation line that amount are 
recording is carried out, in the conventional control, a purge may be performed based on increase of applied 
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temporary impurity gas concentration. 

[0009] However, since to refrain from a purge was desired when the are recording abundance of impurity 
gas is below the specified quantity, considering the viewpoint of performing an effective purge, in the 
conventional control, loss of unnecessary fuel gas may have been increased by frequent purge control. This 
invention is made in view of the above-mentioned trouble, and it aims at offering the fuel cell system which 
unnecessary loss of fuel gas is reduced and can raise the energy efficiency of a fuel cell system, and the 
control approach. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, when the hydrogen mass 
flow rate within the hydrogen circulatory system including a hydrogen reflux path was presumed and said 
hydrogen mass flow rate became below a threshold, by invention of claim 1 and 12 publications, it 
considered as the configuration which makes mixed gas purge from a hydrogen reflux path. When the 
hydrogen mass flow rate which changes according to flow rate change of the mixed gas within the hydrogen 
circulatory system (hydrogen gas, impurity gas, steam) according to the above-mentioned configuration 
becomes below a threshold and it becomes impossible to maintain generating efficiency, it purges and 
impurity gas is made to purge with fuel gas. 

[001 1] In invention of claim 2 and 13 publications, the hydrogen mass flow rate and impurity gas abundance 
within the hydrogen circulatory system were presumed, respectively, said hydrogen mass flow rate was 
below a threshold, and when said impurity gas abundance became beyond a threshold, it considered as the 
configuration which makes mixed gas purge from a hydrogen reflux path. According to the above- 
mentioned configuration, even if a hydrogen mass flow rate becomes below a threshold by the change of 
load of a fuel cell etc., a purge will not be performed when impurity gas abundance is less than a threshold. 
[0012] In invention according to claim 3, it considered as the configuration which sets up the threshold of 
said hydrogen mass flow rate according to the service condition of said fuel cell. According to the above- 
mentioned configuration, the threshold of the hydrogen mass flow rate which makes it purge so that the 
hydrogen mass flow rate needed may make it respond to changing according to the service condition of a 
fuel cell is changed. 

[0013] In invention of claim 4 and 14 publications, it considered as the configuration which sets up the 
threshold of said hydrogen mass now rate according to the generation-of-electricai-energy current of a fuel 
cell. According to the above-mentioned configuration, the threshold of a hydrogen mass flow rate is 
changed corresponding to the hydrogen mass flow rate needed according to a generation-of-electrical- 
energy current for maintenance of generating efficiency changing. In invention of claim 5 and 15 
publications, it considered as the configuration which makes the hydrogen concentration and/or impurity gas 
concentration which are used for presumption of a hydrogen mass flow rate and/or impurity gas abundance 
presume based on the mean density of mixed gas asked based on the acoustic velocity in the mixed gas 
within the hydrogen circulatory system. 

[0014] When according to the above-mentioned configuration the acoustic velocity in mixed gas shows the 
mean density of mixed gas, for example, mixed gas consists of hydrogen and impurity gas, the sum total of 
hydrogen concentration and impurity gas concentration is 1, and since the result of having added the 
multiplication value of the concentration of each gas and a consistency serves as mean density, it is possible 
to ask for hydrogen concentration and impurity gas concentration based on these formulas. 
[001 5] In invention according to claim 6, it considered as the configuration using a means to detect a 
volumetric flow rate to presumption of a hydrogen mass flow rate based on the propagation time of the 
supersonic wave in the mixed gas within the hydrogen circulatory system, and considered as the 
configuration using the measurement result of the propagation time for the detection of said volumetric flow 
rate to concentration presumption. According to the above-mentioned configuration, based on the 
propagation time measured for detection of a volumetric flow rate, presumption of hydrogen concentration 
and/or impurity gas concentration is performed to coincidence. 

[0016] A means to detect a volumetric flow rate in invention according to claim 7 based on the propagation 
time of a supersonic wave, A means to detect the pressure of mixed gas, and a means to detect the 
temperature of mixed gas, Based on the mean density which searches for the acoustic velocity in mixed gas 
based on a preparation and said propagation time, and is called for based on this acoustic velocity, hydrogen 
gas concentration and impurity gas concentration are presumed. While presuming the hydrogen mass flow 
rate based on said volumetric flow rate, a pressure, temperature, and hydrogen gas concentration, it 
considered as the configuration which presumes impurity gas abundance based on said pressure, 
temperature, and impurity gas concentration. 
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[0017] According to the above-mentioned configuration, concentration presumption is performed with 
detection of a volumetric flow rate, and a hydrogen mass flow rate and impurity gas abundance are 
presumed corresponding to change of a pressure and temperature. In invention according to claim 8, it 
considered as the configuration which makes hydrogen concentration and/or impurity gas concentration 
presume based on the propagation time in the downstream of a dehumidification means. According to the 
above-mentioned configuration, when the mixed gas of the hydrogen circulatory system consists of 
hydrogen, impurity gas, and a steam, by being dehumidified by the upstream of the measurement part of the 
propagation time, mixed gas will consist of two components of hydrogen and impurity gas, and an average 
with the consistency of hydrogen and the consistency of impurity gas will be called for from the propagation 
time. Therefore, an unknown serves as only hydrogen concentration and impurity gas concentration, and 
hydrogen concentration and impurity gas concentration will be called for from the equation of 
concentration, and the equation of a consistency. 

[001 8] In invention according to claim 9, humidity was detected near the measurement part of the 
propagation time, and it considered as the configuration which asks from the steam concentration and the 
propagation time which are found based on this humidity, and presumes hydrogen gas concentration and/or 
impurity gas concentration based on **** mean density. According to the above-mentioned configuration, 
even if mean density is the configuration called for as mean density of hydrogen, impurity gas, and a steam, 
hydrogen concentration and impurity gas concentration will be called for by making concentration of a 
steam into known. 

[0019] In invention according to claim 10, near the measurement part of the propagation time, a pressure 
and temperature were detected, and it asked for the steam concentration in a saturated steam condition from 
said pressure and temperature, and considered as the configuration which presumes hydrogen gas 
concentration and/or impurity gas concentration based on this steam concentration and the mean density 
called for from the propagation time. According to the above-mentioned configuration, if the inside of the 
hydrogen circulatory system is in an abbreviation saturated steam condition, steam concentration will be 
called for from a pressure and temperature, and hydrogen concentration and impurity gas concentration will 
be called for by making concentration of a steam into known. 

[0020] In invention according to claim 1 1 , it considered as the constant value which was able to define the 
steam concentration of mixed gas beforehand, and considered as the configuration which presumes 
hydrogen gas concentration and/or impurity gas concentration based on this steam concentration and the 
mean density called for from the propagation time. According to the above-mentioned configuration, 
hydrogen concentration and impurity gas concentration are called for by assuming the concentration of a 
steam to be constant value. 
[0021] 

[Effect of the Invention] a purge is performed in the condition that the hydrogen mass flow rate which can 
maintain generating efficiency is secured since a purge is controlled based on the hydrogen mass flow rate 
in the hydrogen circulatory system according to invention of claim 1 and 12 publications — avoidable ~ with 
— **** — it is effective in the ability to reduce loss of the hydrogen gas by unnecessary purge. 
[0022] Since according to invention of claim 2 and 13 publications a purge is not performed when there is 
little impurity gas abundance even if a hydrogen mass flow rate falls When a hydrogen mass flow rate falls 
transitionally, can avoid that a purge will be performed, although there is little impurity gas abundance 
which should be purged, and only an effective purge is made to perform, and it is effective in the ability to 
reduce loss of the hydrogen gas by much more unnecessary purge. 

[0023] Since it is made to purge based on whether it has a hydrogen mass flow rate which can maintain 
generating efficiency and can secure a part only for the allowances which can respond to a load effect 
according to invention of claims 3 and 4 and 14 publications, there is effectiveness of the ability to make it 
purge to the always optimal timing according to change of the service condition (load) of a fuel cell. Since 
hydrogen concentration and/or impurity gas concentration are presumed from the acoustic velocity in mixed 
gas according to invention of claim 5 and 1 5 publications, it is effective in that concentration information 
required for presumption of a hydrogen mass flow rate and impurity gas abundance may be based on 
acoustic velocity. 

[0024] According to invention according to claim 6, concentration information can be acquired to 
coincidence with detection of the volumetric flow rate for presuming a hydrogen mass flow rate, and there is 
effectiveness of the ability to make a hydrogen mass flow rate and impurity gas abundance presume with a 
simple configuration. According to invention according to claim 7, concentration information can be 
acquired to coincidence with detection of the volumetric flow rate for presuming a hydrogen mass flow rate, 
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and it is effective in the ability to presume a hydrogen mass flow rate and impurity gas abundance with high 
precision corresponding to change of the pressure within the hydrogen circulatory system, and temperature. 
[0025] It is effective in the ability to presume hydrogen concentration and impurity gas concentration, 
without performing density measurement of steam gas, since the propagation time in the mixed gas after 
dehumidification is made to measure in the configuration which makes hydrogen concentration and/or 
impurity gas concentration presume based on the propagation time of the supersonic wave in mixed gas 
according to invention according to claim 8. According to invention according to claim 9, there is 
effectiveness of the ability to make hydrogen concentration and impurity gas concentration presume from 
the propagation time of the supersonic wave in the mixed gas containing a steam by asking for steam 
concentration from the detection result of humidity. 

[0026] According to invention according to claim 10, when the inside of the hydrogen circulatory system is 
in a saturated steam condition, it asks for steam concentration simple from a pressure and temperature, and 
there is effectiveness of the ability to make hydrogen concentration and impurity gas concentration presume 
from the propagation time of the supersonic wave in the mixed gas containing a steam. When the humidity 
within the hydrogen circulatory system, a pressure, and temperature are under the condition it can be 
considered that is abbreviation regularity according to invention according to claim 1 1 , there is effectiveness 
of the ability to make hydrogen concentration and impurity gas concentration presume simple from the 
propagation time of the supersonic wave in the mixed gas containing a steam. 
[0027] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on drawing 
below. Drawing 1 is drawing showing the fuel cell system in an operation gestalt. In this drawing 1 , the 
hydrogen gas from the source 1 of hydrogen gas supply is introduced into the fuel electrode (illustration 
abbreviation) of the fuel cell stack 20 through the supply pressure regulation bulb 2, hydrogen gas supply 
Rhine 3, an ejector 4, and hydrogen gas supply Rhine 5, and the fuel gas which was not consumed by the 
fuel cell stack 20 flows back to hydrogen gas supply Rhine 5 with said ejector 4 through the hydrogen gas 
reflux ways 7, 9, and 10 (hydrogen reflux path). 

[0028] The hydrogen which was not used for the generation of electrical energy in the fuel cell stack 20 by 
the above-mentioned configuration flows back to a fuel cell 20 again, and the circulatory system of 
hydrogen is constituted by the hydrogen gas reflux ways 7, 9, and 10 and hydrogen gas supply Rhine 5. The 
purge valve 1 1 is infixed in discharge Rhine 12 by which branching installation is carried out from said 
hydrogen gas reflux way 7. 

[0029] The dehumidifier 8 (dehumidification means), the thermometer 37 (temperature detection means), 
the flowmeter 30 (volumetric flow rate detection means), and the pressure gage 36 (pressure detection 
means) are infixed in the hydrogen gas reflux way 9 of the downstream sequentially from the upstream 
rather than the tee of said discharge Rhine 12. Moreover, the humidifier 6 is infixed in said hydrogen gas 
supply Rhine 5. The signal data-processing section 40 controls disconnection of said purge valve 1 1 based 
on data processing which inputs and mentions the detecting signal from said thermometer 37, a flowmeter 
30, and a manometer 36 later. 

[0030] Drawing 2 shows the detail of said flowmeter 30. Said flowmeter 30 is a supersonic type flow meter 
in this operation gestalt, and is equipped with the ultrasonic reception-and-transmission machines 31 and 32. 
The acoustic wave aslant emitted towards the downstream from the ultrasonic reception-and-transmission 
machine 31 of the upstream Reflect in the ultrasonic reflective section 33 and it is received by the ultrasonic 
reception-and-transmission machine 32 of the downstream. The propagation time tl of the supersonic wave 
which the acoustic wave aslant emitted towards the upstream from the ultrasonic reception-and-transmission 
machine 32 of the downstream reflects in the ultrasonic reflective section 33, is received by the ultrasonic 
reception-and-transmission machine 31 of the upstream, and goes to the downstream, The propagation time 
t2 of the supersonic wave which goes to the upstream is measured. 

[003 1 ] Here, when mean velocity in L and the hydrogen gas reflux way 9 is set [ the include angle of the 
axis of the hydrogen gas reflux way 9, and a supersonic wave / the acoustic velocity of theta and gas ] to V 
for the die length of the propagation path 34 of C and a supersonic wave, said propagation times tl and t2 

(sec) are tl=L/(C+Vcostheta) (1) 

t2=L/(C-Vcostheta) .... (2) 

If it comes out, and it is expressed and mean velocity V (m/s) and acoustic velocity C (m/s) are searched for 
from the two above-mentioned formulas V=L/(2costheta) * (l/tl-l/t2) .... (3) 
C=L/2*(l/tl+l/t2).... (4) 
It becomes. 
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[0032] Therefore, the average volumetric flow rate Q in the hydrogen gas reflux way 9 (m3-/s) is Q=V-S-K, 

when the duct cross section is set to S and it sets a flow rate correction factor to K (5) 

Although it comes out and asks, since said average volumetric flow rate Q is a volumetric flow rate in 
reference temperature and a reference pressure condition, it computes Q' (normal cube meter / second) by 
performing amendment according to the pressure p and temperature T at that time. 
[0033] 

Q'(Nm3/s) =Qx(p/pO) x (TO/T) .... (6) 

In addition, by the upper formula, pO shows reference pressure and TO shows reference temperature. When 
it has composition which controls a purge by this operation gestalt based on the hydrogen mass flow rates 
dmH2/dt, and hydrogen gas concentration is set to x and hydrogen density is set to rho x, the hydrogen mass 

flow rates dmH2/dt (kg/s) are dmH2/dt=x-rhox-Q' (7) 

It is computed by carrying out (hydrogen mass flow rate presumption means). 

[0034] Here, although hydrogen, a steam, and the mixed gas that consists of impurity gas (nitrogen) flow to 
the circulatory system, since said ultrasonic-type flowmeter 30 is arranged in the downstream of a 
dehumidifier 8, said acoustic velocity C turns into the acoustic velocity C in the mixed gas which consists of 
two components of the hydrogen and impurity gas (nitrogen) except a steam. Moreover, when the 
component of the mixed gas which searched for acoustic velocity C is known, acoustic velocity C is 
expressed with the function of the mixing ratio (concentration) of each component (refer to JP,2000- 
304732,A), and becomes correlation as indicated to be mean density rhoav and acoustic velocity C of the 
starting mixed gas to drawing 3 in the case of two components of hydrogen and impurity gas (nitrogen). 
[0035] Therefore, if the acoustic velocity C in mixed gas is known, mean density rhoav of mixed gas can be 
found according to drawin g 3 , and it can ask for the concentration of each component from mean density 
rhoav. That is, when the consistency of x and hydrogen gas is set to rho x for the concentration of hydrogen 
gas and the consistency of y and impurity gas is set to rhoy for the concentration of impurity gas, since it 

consists of two components of hydrogen gas and impurity gas, mixed gas is x+y=l (8) 

X-rho x+y-rho y=rho av .... (9) 

Since come out and it is, it is x=(rho y-rho av)/(rho y-rho x) (10) 

y=(rho av-rho x)/(rho y-rho x) .... (1 1) 

Mean density rhoav to consistency rho[ of the consistency rho x of a next door and hydrogen gas and 
impurity gas ] y, and the hydrogen gas concentration x and impurity gas concentration y calculated from 
acoustic velocity C are computable (concentration presumption means). 

[0036] In addition, consistency rho[ of the consistency rho x of the hydrogen gas used when asking for the 
concentration x of the above-mentioned hydrogen gas and impurity gas concentration y, and impurity gas ] y 
is set up from the pressure and temperature at that time, carrying out the multiplication of said volumetric 
flow rate Q' to the applied concentration x and y, if the hydrogen gas concentration x and impurity gas 
concentration y are called for as mentioned above — hydrogen — atmosphere — product flow rate Qx' and an 
impurity - atmosphere — product flow rate Qy' is called for and a hydrogen mass flow rate and an impurity 
gas mass flow rate are calculated by carrying out the multiplication of the gas consistency rho x and the rhoy 
to this volumetric flow rate Qx' and Qy'. 

[0037] Since the hydrogen mass flow rate supplied to a fuel cell affects the generating efficiency of a fuel 
cell and the amount of [ for making the amount more than the hydrogen mass flow rate consumed with a 
fuel cell flow into a fuel cell being searched for, and corresponding to rapid load increase of a fuel cell ] 
allowances are also need, it is required that the amount of [ which is added to a part for the hydrogen mass 
flow rate in a circulation line, i.e., consumption, ] allowances should be more than predetermined. 
[0038] On the other hand, since the flow rate of a certain ratio flows back automatically with an ejector 4, 
when a reflux quantity of gas flow has few hydrogen mass flow rates in reflux gas than the amount 
corresponding to the above-mentioned demand, required hydrogen capacity will run short and unnecessary 
gas constituents (impurity gas) will be conversely filled with a fuel cell. So, in said signal data-processing 
section 40, if the hydrogen mass flow rate and threshold which were computed as mentioned above are 
compared and a hydrogen mass flow rate becomes below a threshold, the impurity gas which opened the 
purge valve 1 1 and collected in the circulatory system will be purged until it will be in the condition that the 
required amount of hydrogen is securable with a fuel cell (for example, fixed time amount) (purge control 
means). 

[0039] Here, when it is dependent on the operational status of a fuel cell and considers that a fuel cell is a 
converter, as for the hydrogen gas mass flow rate required for a fuel cell, it is rational to set it as the amount 
corresponding to the generation-of-electrical-energy current value which is the output, and it is good to 
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change said threshold according to a generation-of-electrical-energy current (threshold setting means). If 
said hydrogen gas concentration x and volumetric flow rate Q* are made into a variable as shown in drawing 
4 If the case where the condition of hydrogen mass flow rate regularity is expressed with a hyperbola group, 
and it operates steadily with the hydrogen mass flow rate a corresponding to a certain generation-of- 
electrical-energy current value is assumed, as shown in drawing 5 The field below the hyperbola (slash 
field) will express the condition that hydrogen mass flow rates ran short, and if it goes into the starting field, 
it will open a purge valve 1 1 . 

[0040] The flow chart of drawin g 6 shows the above-mentioned purge control flow, and measures the 
propagation times tl and t2 of a supersonic wave at step SI first, and the step S — a volumetric flow rate Q 
is calculated based on said propagation times tl and t2, and hydrogen gas concentration x is calculated by 
step S4-6 by the concurrency 2 and 3. 

[0041] At step S2, mean velocity V is calculated based on said propagation times tl and t2 (formula (3)), 
and a volumetric flow rate Q is calculated based on this mean velocity V (formula (5)). At step S3, 
amendment according to a pressure and temperature is performed to said volumetric flow rate Q, and it asks 
for volumetric flow rate Q\ In step S4, acoustic velocity C is calculated based on said propagation times tl 
and t2 (formula (4)). 

[0042] Said acoustic velocity C is changed into mean density rhoav at step S5 (refer to drawing 3 ). At step 
S6 (concentration presumption means), the hydrogen gas concentration x (and impurity gas concentration y) 
is calculated based on said mean density rhoav (formula (10)). At step S7 (hydrogen mass flow rate 
presumption means), a hydrogen gas mass flow rate is calculated based on said volumetric flow rate Q\ and 
the hydrogen gas concentration x and the hydrogen gas consistency rho x. 

[0043] At step S8 (threshold setting means), the threshold of said hydrogen gas mass flow rate is set up 
according to the generation-of-electrical-energy current at that time. It distinguishes whether the hydrogen 
gas mass flow rate calculated at step S7 is below the threshold set up at step S8, and with [ a hydrogen gas 
mass flow rate ] a threshold [ below ], it is made to purge in step S9 by progressing to step S10 (purge 
control means), and opening a purge valve 1 1 wide. 

[0044] By the way, although an unnecessary purge is avoidable by making it purge as mentioned above in 
the state of steady operation when a hydrogen gas mass flow rate becomes below a threshold, the load effect 
of a fuel cell is especially large in a vehicle use fuel cell system, and there is much fluctuation frequency. 
And at the time of a load effect, it will be based on the value of the threshold set up corresponding to the 
generation-of-electrical-energy current of a fuel cell, and if it becomes easy to enter into the condition that 
hydrogen mass flow rates ran short, a load is interlocked with and a purge valve 1 1 is opened wide 
frequently, the hydrogen fuel gas discharged by purge valve disconnection will also increase unnecessarily. 
[0045] Even if it is in the above-mentioned hydrogen mass flow rate insufficient field temporarily in the 
condition with little impurity gas abundance in the circulatory system to lack of the above transitional 
hydrogen mass flow rates, it will be good to make it not open a purge valve. Said impurity gas abundance 
can presume the amount corresponding to impurity gas abundance to be impurity gas concentration y shown 
by the formula (11) from a pressure p and temperature T, if it considers that the volume V which consists of 
ducts of a reflux system etc. is fixed (impurity gas abundance presumption means). 
[0046] Here, the above-mentioned impurity gas abundance is not a flow rate (L/min), and it will not 
correspond with the impurity gas concentration y itself, and the value which amended impurity gas 
concentration y at a pressure p and temperature T will correspond to abundance. 
[0047] 
[Equation 1] 

rs?*Bfe;tfx;ff€ESj ~y • (p/pO) - (TO/T) -V (12) 

[0048] If it is made to perform a purge when the value corresponding to the impurity gas abundance 
calculated as mentioned above when a hydrogen mass flow rate becomes below a threshold is beyond a 
threshold, it will be avoided that a purge is unnecessarily performed at the time of a load effect. In addition, 
when a pressure and temperature are assumed to be fixed to the purge field shown in dr awi ng 5 in the purge 
control only based on a hydrogen mass flow rate, since it is impurity gas concentration y=l -hydrogen gas 
concentration, by the purge based on an above-mentioned hydrogen mass flow rate and impurity gas 
abundance, a purge will be performed in the field limited rather than it was shown in the slash field 
surrounded by b which is equivalent to the threshold of impurity gas concentration like drawing 7 . 
[0049] The flow chart of drawin g 8 shows the purge control according to an above-mentioned hydrogen 
mass flow rate and impurity gas abundance, and processing of steps S21-S29 is performed like step SI of 
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the flow chart of said drawing 6 - S9. At step S29 (impurity gas abundance presumption means), if it is 
distinguished that a hydrogen mass flow rate is below a threshold, it will progress to step S30 and impurity 
gas abundance will be calculated. 

[0050] It distinguishes whether it is beyond the threshold said impurity gas abundance was beforehand 
remembered to be, and with [ said impurity gas abundance ] a threshold [ beyond ], it is made to purge by 
progressing to step S32 at step S31. By the way, although considered as the configuration which makes the 
flow rate of the mixed gas of hydrogen and impurity gas measure by the downstream of a dehumidifier 8 by 
the system configuration shown in drawing 1 when the mixed gas of the circulatory system is not 
dehumidified but it has become three components of hydrogen, a steam, and impurity gas As shown in 
drawing 9 or drawjngJO , even when detecting a quantity of gas flow in the upstream location of a 
dehumidifier 8, it can ask for mean density rhoav to the hydrogen gas concentration x and impurity gas 
concentration y which are called for by making steam concentration z into known based on said propagation 
times tl and t2. 

[0051] With the operation gestalt shown in drawing 9 , when the hygrometer 35 is made to have mtixed near 
the upstream of a flowmeter 30 and it has this hygrometer 35 (humidity detection means), it can ask for the 
steam concentration z from the detection result of this humidity, and a pressure p. Moreover, with the 
operation gestalt shown in drawing 10 , although it does not have a hygrometer 35, when the inside of the 
circulatory system is in a saturated steam condition, it can ask for the saturated water vapor pressure in 
temperature T based on a pressure p and temperature T, and a steam partial pressure (concentration) can be 

presumed. , 
[0052] Here, since the propagation time of the supersonic wave in hydrogen, impurity gas, and the mixed 
gas of a steam will be measured, mean density rhoav based on the propagation times tl and t2 is mean 
density rhoav of 3 component mixed gas, and a flowmeter 30 will be changed as follows, if said formula (8) 
and (9) set the consistency of a steam to rhoz. 
x+y+z=l .... (13) 

X-rho x+y-rho y+z-rho z=rho av .... (14) 

Here, an upper type is transformed and it is x+y=l-z (15) 

X-rhox+v-rhov=rhoav-z-rhoz .... (16) ... 
When it carries out and this is solved about Unknown x and y, it is. x= [(1-z) rho y+z-rho z-rho avj /(rho y- 

rho x)....(17) 

y= [rho av-z-rho z-(l-z) rhoy] /(rho y-rho x) .... (1 8) 

If a next door and the steam concentration z are known, the hydrogen gas concentration x and impurity gas 
concentration y will be called for from an upper type. 

[0053] Drawing 1 1 makes steam concentration z known in the configuration whose ultrasonic flowmeter 30 
measures the propagation time in hydrogen, impurity gas, and the mixed gas of a steam, and the purge 
control which calculates the hydrogen concentration x from this steam concentration z is shown. If mean 
density rhoav is calculated at step S25, the flow chart shown in drawing 1 1 will calculate the steam 
concentration z from a pressure and temperature by the following step S26A (concentration presumption 
means) based on a hygrometer 35, when the inside of the circulatory system is in a saturated steam 
condition. 

[0054] And in step S26B, the hydrogen gas concentration x is calculated using said steam concentration z. 
At each step other than above-mentioned step S26A and step S26B, the same processing as drawing 8 is 
performed. In addition, when the humidity within the circulatory system, a pressure, and temperature are 
abbreviation regularity, even if it does not form a hygrometer 35, a pressure gage 36, and a thermometer 37, 
it is possible to consider beforehand that the steam concentration z is constant value, and to ask for the 
hydrogen gas concentration x and impurity gas concentration y. 

[0055] Moreover, it is good also as a configuration which makes a flowmeter 30 infix in the supply line 5 
which constitutes the hydrogen gas circulatory system as shown in drawing,!! . In this case, if piling of the 
threshold of the hydrogen mass flow rate set up according to a generation-of-electrical-energy current is 
carried out a supplied part from a supply line 3, it can make purge control perform like said operation 
gestalt, since the hydrogen mass flow rate measured becomes the part which flows back with an ejector 4, 
and the supplied sum total from the supply line 3 corresponding to a consumed part in the fuel cell stack 20. 
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[0025] m>m8m!L<Dmwicj:z>t, m-&*fz<p 

«je*fr *> c t & < . #msa&j&.zfxmi*fxm&*i* 

^■rSCi^-Ct-Sil^^^-S. »3fcSt9fBi&© 

B#ra^6*^tss • *^#x&g£fl££;*-ttsc£# 
[0026] m^m i oiBis©^^ <ts £ . *mmm 

«5Es-tt«ci*«t?*-54i>^»*&j**. m&mi 1 

E«©«««:J:*i. *SR««»l*i©SJ«. JE*J. U& 
[0027] 

[»9!©396©JB«] &T«c*IMIi©^©JB»*ia«:* 

V = L/ (2cos0) * ( 1/t 
C=L/2* (1/t 1 + 1/ 

£&S. 

[0032] St^r. *JR*f*jt»B9rt«:*jW*¥i& 
ftfitj&BQ (m'/s) tt. ©KBrffi8!£S. jfcBfiIE<& 

a*K£-rs£. 

Q = V • S • K (5) 5i 
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#&&«i*»6©*jR#xtt. mftHE^^2. 

>3. xi>***4. ^M5-f>5 

tcjm#xit. 7 . s, 10 (*gaii>fe 

io [0 02 8] ±tmtS,ic<i: oT, jK&4®feX $y?20 

2 0.K«tSn. **©«^#**:tf*«*H7. 
9. 1 ORCf^#*0tt&9-f>5fcj;oT*lfc3*i 

[0029] lulBSfffi^^ > 1 2 ©#i&g|3J: 0 t>T*« 

(Mwa) . sstt3 7 (as^a^s) . issn-3 

«. fsrlBaSft3 7. SfeSff-3 0. BE;frlt3 6#>e>©tfc 
i^F 1 1 ©Htt£W»TS. 

c o o 3 o ] ^2 ». mumm3 o ©»*B*^r. w 

*9> ®^S^mS3 1 . 3 2*«it, ±i^M©)SW 
j^S^«S3 l3^6TaHWfciftW"r«48{>K:lBUfc«S 

30 S3 2(C^msn. T»«CDa«ft«|6«»3 2*»6± 

jSStL/-r±^ffl|©aw?gs^iS3 l ^Sftsn^J:^ 

£ . ±iSffl"J(ciaJ^ 5 iSW&©£&Btf!g t 2 £ *JfHHS n 

[0 03 1 ] CCt, *^'XS^9©llfli^£e ; i ; iS 
£©ftS*0. #X©#iI;£:C. S#?g©fe}iig8S3 4 

£> wrfBeJSBfSt 1. t 2 (sec) ». 

40 t 1 =L/ (C + Vcos0) (1) 

t2 = L/ ( C — V cos 0 ) (2) 

TStSft. ±E©2 5S35»6, W«av (m/s) . ff 
(m/s) 

1 - 1/t 2) (3) 

2) (4) 

^ffi*tt»r<D»«ijUi"c*aA^{>. -e©£*©BE^ 

[003 3] 



c 

(6) 

9 

Q* (Nm'/s) =Qx (p/p i 
"T. ^SUi^rtt. *^S»i£SdnH2/dttcS-3^-C 

x. tk^sk^px i-r-si. *saa^achiH2/dt ( k 

q/s) tt. 

chiH2/dt=x- p x • Q' (7) 

coo34] cc-c, «^tctt. *m 

(mm) *»6&s«£jtfxas»ftsa*. tfrtesw io 

M) 4©2^^6&£ig£#X£t>K:fettS^C4fc 
2>. £tc % W3C£#&fc*I^#X©^5&*S^T?&£ 
fSCtt. &l£3-©ig£it (i£g) ©M^-C 

asn (#^2 o o o - 3 o a 1 3 2##.ra> . imt 
T^max (mm) ©2 «*»^^x©t 

*MftSpav4MC4tt % EB3KS%TJ:9tttaiI8Ka: 

[00351 ^-jt, »^#xr©#i*c**a**itf. 20 

03 ©¥:$#£ Pav**3fc*0. 

**#*©?££* x. **#X©*|**px4U 

tt*gt 4 ^FfcfiigJtfX 4 © 2 j£##> 6 & & 

6. 

x + y= 1 (8) 

x • px + y • py - pay (9) 

X&Zfrti, 

x=(py-pav)/(py-px) (10) 30 

y= (pav-px) / (py-px) ——(11) 

4. S»C*»6#«>6ftS¥i&«flEpav4*»6» *Jg*f 

(?SSJt^#S) . 

[ o o 3 6 ] ft. ±aa*sR^©affltx2iiWF*e«^x 

j^Sy =Sr^*-5 i t fCfflC>.2>7KS^X©SSp xRCf^ 
*6»^©*Kpytt. -e©4 t©E;fr • &1K*>&R£ 

*mg.yft>£ibt>t\Z>t. G&£iggx, y &ti«fBi*?Sj£ 40 

x' . Qy" jc^affltpx. py*$mci-c; . 

*SBSi£S L^ffiMUT, 'gSStMfrim h fx z> . 

[0037] mmnmic&te? z*.mmmmmittmn 
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) x (TO/T) (6) 

[0038]-^ MMtfXffiMl*. s.i?*i?2 
t»S/c«). S^#x©*©*S£SSi£S#_hiB53fcK:Ji 

4*lt«U *3RSf*S«*sBlffiJWTK:^Si, jKSftH 

* & tttt£ -5 * -C ( m « 
-JilSfffl) . s<c-s?#i l*m,>TWBRl*JtC»*-»fc 

[0039] CCt, *if4®&(C 4 -> ■Cj&gtofcgw* 
»«6*SBftB4S&-r4. *©HtfJT* 

»MK*«:i6CrMr*4Alr» (H{BR3S#S) . 0 
4tc^-T 0:^(0. S(rS*3R^igSx 4{*»ifeaQ' 4 

*se»4 r & 4 . *^s«isa-5£©tt^tt5Rift«i^T? 
«ME-rs*te*»e'r*4. 05tcsrrj:'5K:. -e-© 

jRft^«T©«« («Wfif«) «*mSS^«^^FSU 
fctt«*«"r C 4 tc it K> . {£S MUSK A-5 4 1 

[0040]i6O7D-?-t-K* 1 JJB^'C'-S^Kff 

©«E*v&7jvr *>©■?* 9. i-r. ^f^sita, a 
«ft©e»«HB 1 1 . 1 2<onm&f 5. -e-ur. 
^ 2 . 3 -ctt. ftfisejii^ra 1 1 . 1 2 tc»-?## 

[0 0 4 1 ] ^^yZfSZXit. SulBeM^t 1, t 
2tC*-3*¥*WBI[V*»||tL (SC (3) ) . MEWit 

avjcK-3i»r#arautQ*»»-rs (^ (5) ) . * 
tssz&tsmmt i. 1 2tc»-^*iTic?r?ii^-r-s 

(* (4) ) . 

[oo42Uf 7 ys5 rtt. toiB^c zw-msm. 

pavKSOd-T* (B3M) . ^^S6 (ftflO&e 

x (R^TMKH^iftfty) (^ (1 

0) ) . Xf^S7 (*5RS*««Jfl3t^g) r« v 

mtzimMQ' . *mtfxfe&.xRv*m*fx&&p 
xicm^x^mtf^mmm&^mmn. 
ioo43]^f^s8 (mmwcm^m ~c\t. -e-© 

s^'^ssifea* 1 . xfj^ss -ess i/ /cUfiiJWT-c 
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[oo44iic6r > ^as£t*sir«. _hia©ct 5 

Sffl©fiIK: *> J: Z1fi. A^msm&ifiT^ L fett«cA 

[0045] ±12© J: -5 &j&atffJfc*gtM««©;F£ 

^Wfoisz.&&aj °=y • (p/p 0) 
[0048] ;MW«ttJWtt«T«:&->fc4 *K. 

assti*. m. *^Mfi«fi©*«:as-^<^-^sosp 20 
-mtm.m?zt. zwm#xmi*.y= 1 

[0 049] H8©70-ft-Ht. ±I2©*fKSta 
©T<fcD> Xf7^S2 1^S2 9©«BiB > OTI206 

[0050]Xf?^S31 rtt. S5IB^F)a^^X#fi 

f 2*i&^;tfX#:M*5ilffiJW±r &n tf . Xf^S3 
2^itAT' > ><-S>*ff*>tfS. ic^t, SICCUS 
n^i/X^AfsSttt, G*ai88©T«ffll|-C. 
^6!g5^^©S^*'X©^»<g:H-SiJS-l±^^<!: Lfc 

»s^©jg^**^^M5n-r. * 

x = [(l-z) py + z • pz- p av]/ ( p y - p x ) 
y = [p av- z • pz - (1-z) py]/(py-px) 

[0053] il Hi, iS^^fift3 0 #*JR. 3*6 

igj^x, ^^©ig^^^fcfcw&esNFra^tf-afl-rs 
HMMcbur. *msm&z*matvx. f&imm& 
mzfrp>7i<im&g.xz&wrz>^-i;fflffl$:7jk-?. mi so 
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* tm?lt . fc 4 it JJB©*JWMfcKFJE«i*tC— B# ft 

snssstv*— sd 1) -cssn^ 

Wt^ilttyi. JE^pi, ©ST 4 2»6^*612J# 

[0 04 6] CC-C, ±IB*«i&:tf*#i3EStt, gfefi 
(L/min)TBft< 1 *K»#*«tty*© 
*>©ijttj£l/Tt>S©-Ctt!&<T. W&#x£gy£ 

[0 04 7] 

mi ] 

• (TO/T) • V ( 1 2) 

OK^ii^K, BfcS»8©±i*Mto«T#*««l 

t. MiB^f^mt 1 . 1 2Ka-3**»6n* j i«ws 

£C4#-CSS. 

[0 05 1 ] Hotc^-nOBi^JirB. antf-3 0©_h 

jWBjfi»lcaBEtf-3 5*^«SlfT*0. K&gft3 5 
*«*.3»&tt:t3:. l£B&©titt&gMll 

4E9jp4*»&. *ai«iiaz*3j&e>.&c£#-cs*. 

*/c. II OtCT^-rjurefcrtS. Ut3 5*ftX.& 
I** 4 , ««^#TO?WR«#t«"T?**tB^K:tt % Eft 
p ififfiT4tclt^»r»[ST'C©lSfn7WlK«E**«> 

[0 0 5 2] CCt, ijSSft3 0«. *JR, ^JWJtf 

x. 7k^i©jg-^^x tc ts ^ * ffif&©&&B$igj ^swj 
r-5citc!&s*»6. ejfB^gt 1. t2tc»-^<^ 

®Spav}J, 3j^tl^#X©¥*^@fpav-C&«3. m 
BBS (8). (9) tt. *JK»©*ft*pz4T5 4. 
TK©<fc}iCge!gS*i*. 

x+y+z = l (1 3) 

x • px + y • py+z • pz = pav (14) 

x+y= 1 -z (1 5) 

x-px + y-py=p av- z • pz (16) 



30 



40 



"(17) 
•(18) 

pav£?SgT&4. ^f^S2 6A (il!£$£^ 

z^isgL-r-s. 

[00541-fLt, Xf?^S2 6BT». B?IBtK^ 
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■sag. &&&n&-m-c$>zm-&iat. mmt3 
5, Efrif3 6, 7^aw&<tfc. *^jug 

[0 05 5] i£SH-3 0*ai 2(C^-TJ:-5K:. 

« s xi?***4ttj: ns^-t. 
i^±tf-rn«, Mi2nss^si<b piste L-c^-^mm 

[02] ®^iSfiti"©e«B#ra i^gjSScDBa^Si 

[03] ^aM^ffii?l^^X©^^g<b©M^^ 
-fi&0. 

[04] Tkmmw&mti&mtm'&jjxmmom&zm. 



[05] s^ae<mro*sss^fi^Fs^€r^ 
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20 



[06] *mmmmmKmrs<^-i;®mz7r;-r7u-- 
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[07] *5^fiifcS£^iffi^#X#&*£(tS-?<^ 
-i?^^aT^0. 

[08] *^SifeS£^&^#X#£SitcS-3<^ 

- ^sosi^^-r ^ p - ^ - h . 
[09] mm\*ffi&zmmzmoisX7-j*msm. 
[010] mm.ft*ffizte^m&mm<Di'X7-&mi8, 
0. 

[011] ^Jugg*>6*5l#xigg*:£«>6^-^ 
[012] iUHt««M4^^%(cSKLA^It6^» 

1 ■*m#z&i&m 

2 •••fttME/tji^^' 

3 -*5ft#X{ft*&5 W > 

5 ■■imi3*m&7 a > 

6 -flnss 

7.9.1 0-*3&#XjiafeS& 

8-iSg 

1 1 .../<C-3?# 

i 2-mm?j> 
3 o -^atf- 
3 5 -afloH- 

3 6 -EE^H- 

3 7 -SStf- 

4 o -MttBAoaas 



[01 ] 



[02] 



f 5 4 3 
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< e 
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[03] 



0 
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[04] 



[05] 



[07] 



f 






[06] 



82 



1. 



C START J 

1 — ir s1 
r 

1 l r " 



[08] 
C START _) 



fl ■> it M i i rtit 



83^ | 






t 










1 



65 



522^ 



I 



321 



SB 



S23 



824 
^S2S 



4 



1/' 



89 



|YES 


jSIO 










r 



C return") 

[09] 



20 6 



7-~ 




i — 



2^ 



626 



_827 
628 

NO 



630 



I YES 



831, 



NO 



C RETURN^ 



832 
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r 8 5 4 3 1 




[012] 



6 .30 36 



'k ' 



1 1 3 



C START 7 ) 

I S21 
X 



823 



X 



.824 



IE 



r 



825 



_ ^— -J _ 



S26A 



— 5 



S28B 



t : 



827 



630s 
L 

831 N 



X/ — * — . 

|YBS 
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S28 



NO 



S32 
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